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Characterization of Vibriophage VA-1 (Accepted 6 June 1973) SUMMARY A bacteriophage isolated from the vaccine strain Vibrio cholerae NIH4I has been characterized by a variety of methods. The phage, called VA-I, is stable at 4 °C, sensitive to temperatures above 2o °C, stable at pH's between 5 and IO, and more resistant to u.v. irradiation than most coliphages. The velocity constants for adsorption to V. cholerae RV79 and serum neutralization are 5"5 × lO-9 ml/min and zo, respectively. The latent period of VA-1 is about 45 min and its unusually large average burst size is 5oo to 6oo.
Vibrio cholerae strain NIH4I is a commercial vaccine strain in use in the United States (Pittman & Feeley, 1963) . This strain is lysogenic for at least two phages which are serologically related and heteroimmune (Parker, Richardson & Romig, I97O; C. Parker and J. Gerdes, personal communication) . These phages have been designated VA-I and VA-2, respectively since they were isolated from the genus Vibrio and belong to morphological Group A (Bradley, I967) .
Unless otherwise noted, the methods used to characterize VA-I are those suggested and described in Chapter 2z of the book 'Bacteriophages' (Adams, 1959) . The indicator strain used to characterize VA-I is Vibrio cholerae RV79 (this is Mukerjee strain Mak757 which is used to grow phages of E1 Tot vibrios, C. Parker, personal communication). The media used to propagate indicator cells (L broth) and to store and dilute phage (TI resuspension medium) have been described (Drexler, 197o) . The media used in the standard agar overlay technique for the enumeration of phages was TRY medium (Richardson, I969) plus 1% agar (bottom agar) or o'65 % (top agar). Fig. I shows an electron micrograph of VA-I. The phage head is 58 nm wide and 5o nm long; the tail is 87 nm long and 26 nm wide. These dimensions are close to, but not identical with, the vibriophages of Mukerjee Group II (Chatterjee, Das & Barua, I965) , phage 5 of ¥ieu, Nicolle & Gallut (I965), and Kappa-type (Takeya et al. 1965) .
The stability of VA-I was demonstrated by its ability to survive a year at 4 °C with only a 25 to 50% loss in viability. VA-I is sensitive to temperatures above 2o °C for an hour. The phage is unaffected by exposure to pH values between 5 and IO (for one day), but is sensitive to values below pH 5 (method of McDuff, Jones & Wilson, I962). U.v. irradiation of VA-I revealed ( Fig. 2 ) that VA-I is more resistant to irradiation than coliphage TI which is known to be one of the most u.v. resistant of the classical coliphages (Garen & Zinder, I955) .
The host range of VA-I was determined by spotting a lysate on lawns of various organisms. The host range was narrow and YA-I grew on only two of 2o Vibrio cholerae strains in our collection. A representative group of Escherichia coli strains were tested for growth of VA-1. These strains were chosen either because they lacked any known systems of host controlled modification or because they differed in the specific system which they possessed; in addition, strains known to contain suppressors of amber mutations were tested. VA-I did not grow on any of the E. coli strains tested. The adsorption of VA-I to RV79 displays typical kinetics and the velocity constant was determined to be 5"5 × lo-9 ml per min. The kinetics of serum neutralization of VA-I were typical and the velocity constant for the given antiserum preparation was 20; this means VA-I resembles the coliphages TI and T5 which are neutralized slowly by their specific antisera and contrasts with the velocity constants of 2oo to 3o0o obtained with coliphages of the TI through T7 series other than TI and T5 (Adams, 1959) . Single step growth of VA-I was carried out. The results show that the minimum latent period of VA-~ is 37 rain and the average latent period is 45 rain. The average burst size was calculated to be about 6oo. Therefore, single step growth of YA-I follows the pattern observed with many phages. The latent period of 45 rain is not unusual for a temperate vibriophage (Mukerjee, ~96I), but the average burst size is unusually large.
Short communications
The average burst size of VA-I was also measured by examining the single bursts of RV79. It was found that the bursts of single cells ranged from Ioo to I IOO (Table I) . Since the fraction of tubes containing a bursting cell was small (Table I) , the probability that a tube contained more than one bursting celt was low. The average burst size calculated from the yields of single bursting cells was about 47o, again demonstrating an unusually large average burst size.
It was found that a brief exposure of RV8L (i.e. RV79 lysogenic for VA-~) to u.v. light causes phage induction. The experiments to demonstrate induction are complicated by the fact that non-lysogenic RV79 is very sensitive to a 15 s exposure to u.v. light at a distance of 50 cm. This brief exposure causes the viability of RV79 to drop approximately four orders of magnitude. While the viability of RV79 and RV8I dropped, the titre of VA-I in an irradiated culture of RVSI rose 5o-to Ioo-fold compared to a fivefold rise in an unirradiated culture of RV81.
Perhaps the most interesting characteristics of VA-I are its relative resistance to u.v. irradiation and its large burst size. Although sensitivity to u.v. irradiation is not a very exact criterion with which to characterize phage, some basic differences can be observed. 215  483  io8  488  217  49o  259  56I   22I   517   288   63I  226  550  383  642  24o  554  407  66I  3~4  557  416  798  335  593  424  I~41  346  665  481  38I  74I  42z  776  435  820  44z 864
Phage infected cells were diluted, distributed to tubes of growth medium, incubated for a minimum of t'5 h at 37 °C, and the entire content of each tube was assayed for infectious phage. In Expts. l and 2 the fraction of tubes which contained phage was 24/39t and t 5/398, respectively. The number of p.f.u, in each tube containing phage are listed in the For example, virulent coliphage TI is much more resistant to u.v. irradiation than virulent coliphage T 4 (Garen & Zinder, I955) . Much of TI's resistance arises from the efficient reactivation of irradiation-damaged T I by host cell repair mechanisms. When these mechanisms are eliminated, T~'s 'resistance' is significantly reduced (Sauerbier, x96z). It must be assumed that T4's ability to utilize host cell repair mechanisms must be less efficient than that of TI. Whether VA-I's resistance to u.v. irradiation, which is greater than that of T~, is due to its efficient repair by RV79 or is caused by other means is not known. The average burst size of 47o to 6oo phage particles produced by RV79 infected with VA-I stands in marked contrast to the average burst size of such well studied coliphages as TI, T4, or X which have average bursts of about Ioo (Doermann, ~952; Lederberg & Lederberg, I952; H. Drexler, unpublished observations) . It has been reported that one of the vibriophages of Mukerjee Group IV has an average burst size of 58 (Maiti & Chatterjee, I97I) . The size of phage VA-I is approximately the same as coliphage A (most of the physical, chemical, and biological properties of A can be found in the appropriate chapters in 'The Bacteriophage Lambda', I97I). Both VA-I and A are temperate and the latent periods of both are about 4o to 5o min. Yet VA-I produces four to six times as many infectious particles per burst. Obviously VA-r is more efficient than A in producing infectious phage but at present no reason for this can be given.
The study of VA-I was carried out with the hope that knowledge of the phage's characteristics would lead to an increased usefulness of the phage in typing schemes. Furthermore, an attempt has been made to determine those phage characteristics which would serve as a meaningful basis of comparison for individual vibriophage isolates.
